The paper presents the design and experimental experience with the gas flow measurement instrument for the range of (5 -25) ml/hr. The aimed application area is in a biochemical laboratory for the study of reaction kinetic of sediments decomposition in waste water. The time -of -flight type of sensor with one upstream and one downstream temperature sensor has been chosen for the study. We explain the basic operation principles of the tiny flow measurement and the sensor structure. In the numerical model paragraph, we are describing the basic configuration model and the modelling results. As the three -dimensional simulation would be very time consuming process, we have simplified the simulation for only twodimensional task. The presented diagrams are derived for different gases (air, nitrogen, carbon oxide and chlorine) and sensor tube materials, namely steel, copper, and plexi-glass. We present also the experimental set -up including the design and sensor parameters. The paragraph with experimental results and discussion on them illustrates the good correspondence with expected values. The paper concludes with the employment of designed gas flowmeter in the biochemical laboratory.
INTRODUCTION
The accurate measurement and control of tiny liquid flows in the amount of nanoliters up to milliliters per minute is becoming more and more important for a lot of applications in the life science. In some applications, such as process control in precise semiconductor manufacturing, chemical and pharmaceutical industries and biochemical engineering, miniaturized liquid flow sensors are more and more encountered. Most of them operate on the method of thermal transport and are fabricated from a silicon crystal by using micromachining technology. The thermal devices for flow measurement may be grouped in two different classes. The first class groups thermal mass flowmeters that are measuring the effect of the flowing fluid on a hot body (the increase of heating power with constant heater temperature, the decrease of heater temperature with constant heating power). They are usually called hot -wire, hot -film sensors or hot -element sensors. The resistive element is used both as heater and as sensor simultaneously. The temperature can be obtained from its electrical resistance. The second class group thermal mass flowmeters that measure the displacement of temperature profile around the heater which is modulated by the fluid flow. These sensors are called calorimetric sensors. The special type of thermal mass flowmeters in the class mentioned above is thermal mass flowmeter that measure the heat pulse passage time over a known distance. They are usually called time -of -flight sensors [1] . Many of the microflow sensors use a thermopile as a temperature sensor; however, the thermoelectric coefficient of the standard elements used in the integrated circuit is smaller than that of conventional thermocouples. Thus, a resulting output signal may be very small which requires amplifiers integrated directly into the sensor [2] . Up to now, very few of nowadays commercially offered flow sensors are equipped with the features mentioned above. One of possible method of liquid flow measuring is presented in this paper. The properties of a time -of -flight sensor are studied. The FEMLAB program was used for the study of flow sensor properties.
SENSOR

STRUCTURE AND BASIC OPERATING PRINCIPLE
The flow sensor consists of a heater and one or more downstream temperature sensors, as shown in the Figure 1a . The heater is activated by current pulses. The transport of the generated heat is a combination of diffusion and forced convection. The resulting temperature field can be detected by temperature sensors located downstream. The detected temperature output signal of the temperature sensor is a function of time and flow velocity. The sensor output is the time difference between the starting point of the generated heat pulse and the point in time at which a maximum temperature at the downstream sensor is reached, Figure 1b . This type of sensor has the same constraints as the intrusive type of calorimetric sensors: corrosion, The transport of the heat generated in a line source through a fluid follows the energy equation
where T is the temperature, c is the specific heat at the constant pressure, 
where a denotes the thermal diffusivity.
NUMERICAL MODEL
In the presented work, the properties of the time -offlight sensor were investigated using commercially available program FEMLAB. Femlab is an interactive environment for modelling and solving problems based on partial differential equations. This program applies the finite element method (FEM) for the PDEs system solving [6] .
The simulated time -of -flight sensor is a multiphysics model which means that it involves more than one kind of physics. In this case, there are NavierStokes equations from fluid dynamics together with a heat transfer equation that is essentially a convectiondiffusion equation. There are three unknown field variables: the velocity u, the pressure p and the temperature T. They all are interrelated through bidirectional multiphysics couplings. The equations are:
• Conservation of mass: continuity equation
• Conservation of momentum: Navier -Stokes
• Conservation of energy: energy equation
where η is the dynamic viscosity.
BASIC CONFIGURATION
Since a typical full three -dimensional simulation of the sensor requires in excess of 10 5 cells and therefore several computational days, it was decided to investigate several configurations in two dimensions at first. A structured computational grid consisting of more than 23000 cells was generated. Close attention was paid to the grid resolution in critical areas such as boundary layers and the surroundings of the heater. A part of the grid for the basic configuration is displayed in Figure 3 . Even in the two dimensional case, the convergence to a correct solution required several computational hours on a 2,2 GHz PC. The properties of the time -of -flight sensor were investigated at the relatively very low flow rates. In table 1, there are some inlet gas velocities v used in the sensor model and the corresponding flow rate Q (the inner diameter of sensor tube is 1 mm). The effects of the sensor output tube constructive material were investigated at the same time, too. The boundary conditions of the sensor model and the heat coefficients can be found in Figure 4 . The transport of the heat from the sensor tube to the ambient is expressed as:
where h is the heat transfer coefficient, α 1 is the coefficient of heat transfer by convection (from sensor tube to constructive material), k is the thermal conductivity of the constructive material, α 2 is the coefficient of heat transfer by convection (from constructive material to ambient) and δ is the thickness of the constructive material. The coefficient of heat transfer by convection from sensor tube to constructive material α 1 was derived (forced convection) with the help of Nusselt number expressed as [7] :
where Pe is Peclet number, η is dynamic viscosity, η W is dynamic viscosity at wall temperature, The properties of the time -of -flight sensor were simulated and verified for different constructive materials and different flowing gases, Table 2 and  Table 3 . 
MODELLING RESULTS
The functionality ΔT (Figure 1 ) on the flow rate Q at downstream sensor RD are shown in Figure 5 , 6, 7; the temperature T MAX was measured in the distance of 1,25mm from the heater (in the middle of temperature sensor) in the models. The mentioned temperature functionalities at the upstream sensor R U are depicted in Figure 8 , 9, 10. Figure 11 shows the functionality of time difference Δt on the flow velocity u. As can be seen in Figure 1 , Δt is the difference between the time of the heat pulse and the time of T MAX . 
EXPERIMENTAL SET -UP
The main goal of this work was to develop the flowmeter with the measured flow range of (5 -25) ml/hr. However, the mechanical and electrical design was important as weel because of practical realisation.
FLOW TUBE
The modelling results had set the inspiration data for a construction variant of the flow tube. 
SENSOR ELEMENT
There was used the product of Swiss company FlowSens, FS2 as sensor element. The FS2 is the result of continuous development of IST AG quality products. This new element consists of three temperature depending platinum -resistors, all deposited on one substrate. The low-ohm resistor with a small area is used as a heater, whereas the two high-ohm resistors on the right and on the left side are for measuring the mass flow and the direction. The heater is activated periodically; the pulse heating is used in flow tube according to the time -of -flight measurement principle. A length of the heating pulses is 0,2 s, a period of heating pulses is 3 s.
RESULTS AND DISCUSSION
The output signal of the flow sensors was measured for flow ranges varying between 5 -25 ml/hr in the downstream and upstream sensor. The mass flow controller was used for measurements of the dynamic behaviour. The following two variations in set point were stepwise performed:
The resulting response of the mass flow sensor was measured with a digital oscilloscope. (4) and (5). However, some deviations between theory and measurements have occurred. They can be explained as follows:
• real dimensions, real temperatures and pressures differed from the values used in the calculations.
• not all boundary conditions for equations (3), (4) and (5) were fully fulfilled, so that the heat transfer had a somewhat different behaviour than expected. The measured response times, as shown in Figure 19 , are all within the value of t 98% = 6 s. The above mentioned flow sensor structures and operating principles have the following innovative features and advantages:
• The flow sensor comprises a short straight flow tube, with an internal diameter varying between 0,5 and 1,5 mm, thus having a small internal volume, varying between 9,8 μl and 39,3 μl.
• The measurable flow range is 5 to 25 ml/h, the response time t 98% is 6 second.
• The measurable flow range can easily be adjusted by varying the internal diameter, material and wall thickness of the flow tube.
• The material of the flow tube can be either stainless steel or cooper or plastic glass; other materials may also prove to be feasible.
• The length of the flow sensor tube is the same for all flow ranges. This enables a modular set-up and exchangeability of instruments. 
CONCLUSIONS
In this article, the measurement method of small gas flow called as time -of -flight method is presented. The measurement results exhibit that the designed flow sensor is acceptable for slow processes with reference to response time of t 98% = 6 s. The designed flowmeter has been used in a biochemical laboratory for study of reaction kinetic of sediments decomposition in the waste water; the decomposition takes about 36 hours. A basic set-up is illustrated in Figure 20 which demonstrates the employment of designed flowmeter in a biochemical laboratory.
